(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (POT) 



(19) Worid Intellectaal Property Organization 
Internationa] Bureau 




iiDiiiiiiniiiiiiiiDiiiiiiiiiniiii 



(43) International Poblieation Date (10) International Publication Nnmber 

2 August 2001 (02.08^001) PCT WO 01/55628 Al 



(51) International Patent Classification^: F16K 51/02, 1/10 

(21) International AppUcatioo Number: PCT/USOl/02257 

(22) International FiUng Date: 23 Januaiy 2001 (23.01^1) 

(25) Filing Language: Engli^ 

(26) Publication Language: English 

(30) Priority Data: 

60/178304 26 January 2000 (26.01 .2000) US 

(71) Applicant: SUPERCRITICAL SYSTEMS, INC. 
[USAJS]; 4160-A Technology Drive, Franont, CA 94538 
(US). 

(72) Inventors: LAYMAN, Frederick, P.; 433 NOwok Court. 
Fremont. CA 94539 (US). SUTTON, Thomas, IL; 1790 
Chevalier Drive, San Jose, CA 95124 (US). BIBERGER, 

assi Maximillian, A.; 737-6 Loma Verde Avenue, Palo Alto, 
^= CA 94303 (US). 

(74) Agents: HAVERSTOCK, Thomas, B. et al.; Haverstock 
^= & Owens LLP, 260 Sheridan Avenue, Suite 420, Palo Alto, 
= CA 94306 (US). 



(81) Designated States (nationai): AS. AL, AM, AT, AU, AZ, 
BA,BB, BG,BR,BY,CACH,CN,CR,CU,CZ,DE,DK, 
DM, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, 
IN, K, JP, KE, KG, EP, KR, KZ, IjC, LK, LR, LS, LT, LU, 
LV, MA, MD. MG, MK, MN, MW, MX, NO, NZ, PL, PT, 
RO, RU, SD, SE, SG, SI. SK. SL, XT, TM. TR, TT, TZ, U A, 
UG, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional)i ARIPO patent (GH, GM. 
KE, LS, MW, MZ. SD, SL, SZ. TZ. UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
rr. LU, MC NL, PT, SB. TR), OAPI patait (BF, B J. CF, 
CO, a, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

— before the expiration cf Ifce time limit far amending the 
claims and to be republished in the event <f receipt of 
amendments 

For two'letter codes and other abbreviations, refer to the "Guid" 
ance Notes on Codes and Abbreviations " appearing at the begin- 
fiing of each regular issue of the PCT Gazette 



\o 

V> (54) Title: HIGH PRESSURE LIFT VALVE FOR USE IN SEMICONDUCTOR PROCESSING ENVIRONMENT 

JZ^ (57) Abstract: A gate valve (10) includes a plate (14), a seal (24), and a housing (12). The housing includes a passageway (16) 
and a sealing sni£Eu:e (10). The plate is coupled to the housing. The seal is coupled to the plate. In perati n, the plate occupies 
a position selectable between a sealed position and a retracted position. In the sealed position, the seal seals the plate against the 
sealing snr£aoe. In the retracted position, the plate does not occupy the passageway, which prcnrides free ingress and egress through 
the passageway. In moving between ttie sealed positi n and the retracted position, the plate translates bat does n t rotate. 



wo 01/55628 



PCr/USOl/02257 



HIGH PRESSURE LIFT VALVE FOR USE IH SEMICONDUCTOR PROCESSIMG ENVIRONMENT 

REIATOP APPUC ATIONS 

This application claims priority fiom U.S. Provisional Patent Application No. 
60/178,304 filed on Jan. 26, 2000, which is incorporated by reference. 

FIELD OF THE INVENTION 

This invention relates to the field of gate valves. More particularly, this 
invention relates to the field of gates valves intended for use in a clean environment. 

BACKGROUND OF THE INVENTION 

Typically, a loading port of a pressure vessel uses an external door for sealing 
the loading port One or more mechanical fasteners hold the external door to tiie 
pressure vessel causing the external door to form a seal with the pressure vessel. 
Typically, the mechanical fasteners are chosen fiom the groiqi including quick release 
clangs, external self-loddng ring clamps, and bolts. The pressure vessel enqiloying 
ttie external door with the mechanical fasteners poses at least two problems for a 
semiconductor wafer fab. The first problem is that the mechanical fasteners generate 
more particulate matter than is allowable in the semiconductor wafer fab. The second 
problem is that festening and unfiistening the mechanical fiisteners requires excessive 
time for sealing the pressure vessel. The excessive time leads to inefficient 
automation of the semiconductor wafer tab. 

What is needed is a method of sealing a loading port of a pressure vessel 
which does not use external fitsteners. 

What is needed is a method of sealing a loading port of a pressure vessel 
which produces less particulate matter. 

What is needed is a method of sealing a loading port of a pressure vessel 
which results in less time for opening and closing the pressure vessel. 
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SUMMARY OF THE mVENTTQN 

The present invention is a gate valve. The gate valve includes a plate, a seal, 
and a housing. The housing includes a passageway and a sealing surface. The plate is 
coupled to the housing. The seal is coupled to the plate. In operation, the plate 
occupies a position selectable between a sealed position and a retracted position. In 
the sealed position, the seal seals the plate to the sealing surface. In the retracted 
position, the plate does not occupy the passageway, which provides firee ingress and 
egress through the passageway. In moving between the sealed position and the 
retracted position, the plate translates but does not rotate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates the preferred gate valve of the present invention. 

FIG. 2 illustrates the prefmed gate valve of the present invention incorporated 
as part of a supercritical processing chamber for a semiconductor wafer. 

FIGS. 3A and 3B illustrates an alternative gate valve of the present invention 
incorporates as part of an alternative supercritical processing chamber for the 
SCTiiconductor wafer. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The present invention is a gate valve intended for use in a semiconductor 
processing enviromnent where there is a need for sealing a high pressure fiom a low 
pressure and where there is a need to maintain a clean environmmt. 

The preferred gate valve of the present invention is illustrated in FIG. 1 . The 
preferred gate valve 10 includes a housing 12 and a plate 14. Preferably, the housing 
includes a passageway 16, a plate shaft 18, and a sealing surface 20. The plate 14 
preferably includes an o-ring groove 22 for an o-ring 24. Alternatively, the o-ring 
groove 22 is part of the sealing siurfacc 20 of the housing 12. Further alternatively, the 
o-ring 24 is replaced by any polymeric seal or other seal £q>propriate for repeated 
sealing. 

In a sealed position 26, the plate 14 rests against the sealing surface 20. In a 
retracted position 28, the plate 14 allows free passage through the passageway 16. In 
moving bctweoi the scaled position 26 and the retracted position 28, the plate 14 
translates but does not rotate. Since the plate 14 does not rotate, particle generation is 
minimized which is highly advantageous for the clean environment especially the 
semiconductor processing environment. 

The preferred gate valve 10 of the present invention is further illustrated in 
FIG. 2, which shows the preferred gate valve 10 incorporated as part of a supercritical 
processing chamber 30. The supercritical processing chamber 30 includes the h using 
12, the plate 14, the passageway 16, the plate shaft 18, the sealing surface 20, a 
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pressure cylinder 32, a gas handling configuration 34, and a wafer processing cavity 
36. The pressure cylinder 32 preferably includes a piston 38, a cylinder shaft 40, and 
a return spring 42. The piston 38 is coupled to the cylinder shaft 40 at an outCT 
diameter of the piston 38 where a piston seal (not shown) seals the piston 38 to the 
cylinder shaft 40, The piston 38 is also coupled to the plate 14 by a first rod 39. The 
return spring 42 is coiq)led to flie piston 38 and a cylinder bottom 44. The gas 
handling configuration 34 includes an inlet/outlet port 46 and first and second valves, 
48 and 50. The first valve 48 couples the inlet/outlet port 46 to the pressure cylinder 
32. The second valve couples the inlet/outlet port 46 to the wafer processing cavity 
36. 

Initially, the plate 14 begins in the retracted position 28 and the first and 
second valves, 48 and 50, begin in a closed configuration. In operation, the 
semiconductor wafer 52 is inserted into the wafer processing cavity 36 by a robot (not 
shown). Alternatively, the semiconductor wafer 52 is manually inserted into the 
wafer processing cavity 36. Next, the first valve 48 is opened causing the plate 14 to 
translate to tiie sealed position 26. Following this, the second valve 50 is opened. 
This pressurizes the wafer processing cavity 36 and causes the plate 1 4 to seal against 
the sealing surface 20. The semiconductor wafer 36 is then processed, preferably 
using supercritical carbon dioxide. After processing, flie wafer processing cavity 36 
and the cylinder 32 are depressurized causing the plate 14 to translate to the retracted 
position 28. The semiconductor wafer 36 is then removed fix>m the wafer processing 
cavity 36. 

It will be readily £q)parent to one skilled in the art that the preferred gate valve 
10 is J5)propriate for high pressure processing which is below supercritical conditions. 
Thus, the preferred gate valve 10 is appropriate for any ^plication separating a high 
pressure from a low pressure. Further, it will be readily apparent to one skilled in the 
art that ttie pressure cylinder 32 can be replaced by an alternative actuating device 
such as an electric motor or another device which electromagnetically induces a force. 

An alternative pressure chamber incorporating an alternative gate valve of the 
present invention is illustrated in FIGS. 3A and 3B, The alternative pressure chamber 
30A mcludes the alternative gate valve lOA and an alternative wafer processing cavity 
36A. The alternative gate valve lOA mcludes an altemative housing 12A, an 
alternative plate 14A, an altemative sealing surface 22A, and second and third rods, 
60 and 62. In operation, the first and second rods, 60 and 62, pull the alternative plate 
14A against the altemative sealing surjBeu^e 22 A and thrai the altemative wafer 
processing cavity is pressurized. After processing, the altemative wafer processing 
cavity is depressurized and the altemative plate is pushed away fix>m the altemative 
sealing surface 22A. 



-3- 



wo 01/55628 



PCT/USOl/02257 



It will be readily i^parent to one skilled in the art that other various 
modifications may be made to the prefened embodiment without d^arting firom the 
spirit and scope of the invention as defined by the s^pended claims. 
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CLAIMS 

I claim: 
1. 

a. 
b. 
c. 



2. 

o-nng. 

3. The gate valve of claim 1 fintfaer comprising a plate shaft, wherein in 
opctation the plate translates tibroug^ flie plate shaft between the retracted 
position and the sealed position. 

4. The gate valve of claim 3 wherein the passageway comprises a first 
rectangular cross-section and further herein the plate shaft comprises a 
second rectangular cross-section. 

5. The gate valve of claim 4 wherein the plate conq>iises a rectangular 
shs^e sized to translate through the plate shaft 

6. The gate valve of claim 5 wherein the first cross-section of the 
passageway comprises sufiBcient space for finee travel of a semiconductor 
substrate and a substrate handling mechanism. 

7. The gate valve of claim 1 further comprising means for moving the 
plate between the sealed position and the retracted p sition. 

8. The gate valve of claim 7 wherein the means for moving flie plate 
comprise a pair of rods configured to pull the plate against the sealing surface 



A gate valve comprising: 
a plate; 

means for sealing coupled to die plate; and 
a housing comprising a passageway and a sealing surface 
around the passageway, the plate coiq>led to the housing such that in 
operation the plate occupies a position selectable between a sealed 
position, where the means for sealing seals the plate again^ the sealing 
sur&ce, and a retracted position, where the plate does not occiqiy the 
passageway, and finrther sochfliat in operation the plate translates 
between the sealed position and die retracted position without rotation 
of the plate. 

The gate valve of claim 1 wherein die means for sealing conqirises an 
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for positioning the plate in the sealed position, configured to push the plate 
away fix>m flie sealing surface for the plate in the retracted position, and 
configured to allow access through the passageway by a woikpiece for the 
plate in the retracted position. 

9. The gate valve of claim 7 whoptin tiie means for moving the plate 
comprises a rod configured to push the plate against tiie sealing surface for 
positioning the plate in the sealed position and configured to pull the plate 
away fix>m die sealing surface for positioning the plate in the retracted 
position. 

1 0. The gate valve of tlaim 9 wherein the means for moving the plate 
comprise apressure cylinder and fintho-^t^erein the pressure cylinder is 
actuated to pudi ttie plate against the sealing sur£au:e. 

11. The gate valve of claim 10 vdierein the plate seals aprocessing cavity 
firom atmosphere and fimher wherein a processing fluid sequentially 
pressurizes the pressure cylinder then piessnrizcs the processing cavity. 

12. Hie gate valve of claim 10 wherein the means for moving the plate 
comprises a spring for returning the plate to the retracted positiotL 

13. The gate valve of claim 7 wherein the means for moving the plate 
comprises apressure cylinder. 

14. The gate valve of claim 7 wherein flie means for moving the plate 
comprises a spring. 

15. The gate valve of claim 7 wherein the means for moving the plate 
comprises an electric motor. 

16. The gate valve of claim 7 wherein the means for moving the plate 
utilizes an electromagnetically induced force. 

17. A gate valve comprising: 

a. a plate; 

b. means for sealing coupled to the plate; 

c. a pressure cylinder coiq)led to the plate; 
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d a housing (xmiprising a passageway and a sealing sur^^ 

around the passagewziy, the pressoie cylinder coupled to the housing 
such that in opa:ation the pressure cylinder positions the plate in a 
position selectable between a sealed position, \^ere the means for 
sealing seals the plate against die sealing sur&ce, and a retracted 
position, where the plate does not occupy die passageway, and further 
such that in operation the pressure cylinder translates the plate between 
ttie sealed position and die retracted position without rotation of the 
plate; and 

e. means for actuating the pressure cylinder comprising a 

processing fluid such diat in operation the processing fluid sequentially 
pressurizes the pressure cylinder to position the plate in the sealed 
position and flien pressurizes a processing cavity. 

18. A method of sealing a workpiece entrance to a high pressure 
proc^sing cavity comprising the steps of: 

a. translating a plate without rotation fibom a retracted position 
through to a sealing position; 

b. pressing the plate in the sealing position to a sealing surface 
encircling the worlq>iece entrance; and 

c. pressurizing die high pressure processing cavity. 

19. The method of claim 18 wherein the steps of translating the plate and 
pressing the plate comprise pressurizing a pressure cylind^ with a processing 
gas and further wherein the stq> of pressurizing the high pressure processing 
cavity conqirises pressurizing the high pressure cavity with the processing gas. 
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